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INTRODUCTION 
The requirement of the early weaned pig for essential 
nutrients may be significantly affected by abnormal environ­
mental factors and possibly by differences in environment 
over a normal range. Environmental temperatures fluctuate 
over a relatively wide range in the major swine producing 
areas of our country and the response of the pig to a given 
level of a specific nutrient may be different at one segment 
of this range than at another. 
It is known that animals regulate their consumption 
somewhat according to the temperature of their environment. 
Brobeck (1948) observed that "animals eat to keep warm and 
stop eating to prevent hyperthermia". When the ambient tem­
perature is below the critical temperature the animal in­
creases food intake to provide heat for the maintenance of 
body temperature. When the ambient temperature rises above 
the critical temperature, feed intake is reduced to lessen the 
burden of heat dissipation. This then raises the question as 
to the relationship of specific nutrient needs to feed intake, 
body weight and temperature regulatory mechanisms in the body. 
Most of the studies related to the effect of environ­
mental temperature on nutrient requirements have been done 
with rats. In one of the few experiments with pigs in this 
area of research, Lucas and Calder (1955) fed rations con­
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taining high and low levels of energy to pigs weighing be­
tween 45 and 100 pounds in temperatures of 43° F. and 57° F. 
They found that pigs on the low level of energy were adverse­
ly affected by the cold temperature whereas pigs on the high 
level of energy were not. The work of Mitchell et aJL, (1950) 
indicated that the riboflavin requirement of pigs may be only 
half as high at 85° F. as at 42° F. In these studies the 
riboflavin requirement per unit of feed seemed to be inde­
pendent of body size. 
Mills (1943b), working with rats, estimated the choline 
requirement at 108° F. to be more than five times the re­
quirement at 98° F. Brshoff (1953) reported that prolonged 
exposure to cold significantly increased the vitamin B^g re­
quirement of the rat. Ershoff (1950) has also fed a vitamin 
A-deficient diet to rats at different experimental tempera­
tures. The animals subjected to cold depleted more rapidly, 
weighed less at the time of depletion and had a shorter sur­
vival time after depletion. Mills (1944) estimated that the 
rats requirement of vitamin K per gram of feed is twice as 
high in heat as in the cold. 
Vaughan and Vaughan (1961) fed rats a pyridoxine-free 
diet at 77° F. and 41° F. When growth ceased they fed graded 
levels of pyridoxine at both temperatures. It was found that 
the pyridoxine requirement, expressed on a per unit of feed 
basis, was slightly higher in the cold. Mills (1943a) esti­
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mated the pyridoxine requirement for optimal growth of young 
rats to be the same in hot as in cold temperatures. 
Hegsted and McPhee (1950) reported a 50 percent greater 
requirement of thiamin per day for rats at 55° F. compared 
to 78° F. Rats at 55° F. consumed about 25 percent more 
calories than rats at 78° F. Vaughan and Vaughan (1957) 
found no significant differences in weight loss or gain be­
tween rats held at 77° F. and 41° F. when levels of thiamin 
per unit of feed were the same. 
Vaughan and Vaughan (I960) observed that rats fed 3 dif­
ferent levels of pantothenic acid gained about the same at 
77° F. as at 32° F. 
With this general background in nutrient-temperature re­
lationships, the following investigations were initiated to 
study B vitamin and temperature interactions in baby pigs. 
The primary emphasis was placed on riboflavin and temperature 
interactions, however, niacin and pantothenic acid were used 
as ration variables in the early stages of the study. 
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REVIEW OF LITERATURE 
Riboflavin and Temperature Interactions 
It is known that riboflavin is involved in the production 
of adrenocortical hormones (Forker and Morgan, 1954) which 
according to Tyslowitz and Astwood (1942) are in turn con­
cerned with the physiological response to cold. Riboflavin 
is also involved in a number of coenzyme systems which are 
associated with metabolism of fat (Bro-Rasmussen, 1958), the 
importance of which may be influenced by temperature. Hart 
and Heroux (1956) have measured the body composition of mice 
exposed to a cold environment and have found that most of the 
loss of weight is a loss of body fat. 
Few experiments have been run to determine the dependence 
of riboflavin requirement on environmental temperature. Mills 
(1943*0, in experiments with rats, found that if riboflavin in­
take was expressed as a concentration in the feed, the require­
ment for optimum growth appeared to be the same at 90° F. as 
at 68° F. These findings are not in agreement with the obser­
vations of Mitchell e_t al^ (1950) who estimated the riboflavin 
requirement of the growing pig to be .55 mg. per pound of feed 
at 85° F. and 1.6 mg. per pound at 42° P. In this study, 
Mitchell et al. (1950) fed a semi-purified ration to a limited 
number of pigs during two trials. Eight pigs weighing 50 
pounds each were depleted of riboflavin for three weeks before 
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the start of each trial. The pigs were placed in a chamber 
where the temperature was controlled at 85° F. for one experi­
ment and at 42° F. for the other experiment. Eight levels of 
riboflavin were fed in each experiment. These levels ranged 
from .09 mg. to 2.36 mg. per pound in the first experiment and 
-- from .17 mg. to 1.97 mg. per pound in the second experiment. 
They indicated that the results of these experiments afforded 
proof that, for the growing pig, a greater requirement of ribo­
flavin is associated with a cooler environment. 
Ershoff (1952) has reported decreased survival time and 
decreased growth rates in riboflavin-deficient rats subjected 
to cold compared to rats fed a diet with supplemental ribo­
flavin. Vaughan and Vaughan (1959) measured weight changes 
and food intakes in rats kept at two different environmental 
temperatures and receiving optimal and sub-optimal levels of 
riboflavin in the diet. They reasoned that if feed intake is 
the determinant of riboflavin needs then animals subsisting in 
the cold, if allowed to eat at will to satisfy their ene-r-gy 
requirements, should do as well as the controls when eating the 
same levels of riboflavin per unit of feed. Data obtained on 
the feed intake suggested that the growth response to various 
levels of riboflavin was a function of both appetite and ef­
ficiency of feed utilization. Vaughan £t al_. (1962), in later 
work, have concluded that cold exposure during depletion 
may modify the subsequent course of a deficiency. In experi­
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ments with rats, they found that gross symptoms of riboflavin 
deficiency did not appear as soon in post-cold rats as in rats 
in warm temperatures. 
Riboflavin 
Hughes (1939) fed a purified diet to show that riboflavin 
is necessary for normal growth in the pig. Shortly after this, 
Hughes (1940) estimated the minimum riboflavin requirement for 
the pig as being somewhere between 1 and 3 mg. per 100 pounds 
body weight per day. To arrive at this conclusion he used a 
purified diet and fed 0, 1, 3, and 5 mg. of riboflavin per 100 
pounds body weight per day to pigs weighing 80 pounds at the 
start of the experiment. Lehrer and Wiese (1952) have sug­
gested the requirement as being near 3.0 mg. of riboflavin 
per 100 pounds body weight per day. This conclusion was based 
on two trials of four pigs each. Krider et al. (1949) fed a 
purified diet in one experiment and a practical diet in another 
trial. Pigs on the purified diet supplemented with either 0.5 
or 0.75 mg. of riboflavin per pound gained considerably faster 
than pigs receiving no supplemental riboflavin, but not as fast 
as pigs receiving 1.5 mg. of riboflavin per pound of diet. 
Pour levels of riboflavin were fed in the practical diet with 
calculated values ranging from 1.18 to 2.18 mg. of riboflavin 
per pound. Pigs fed the lowest level of riboflavin tended to 
gain at a slower rate than the other three groups. Prom these 
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experiments, they estimated that 1.4 mg. of riboflavin per 
pound of diet is a practical minimum for weanling pigs. 
Briggs and Beeson (1951) used two pens, each containing 
ten 30-pound pigs, to compare a diet containing 1.1 mg. of 
riboflavin per pound to one containing 1.9 mg. per pound. 
The pigs on the higher level of riboflavin required less feed 
per pound of gain and gained slightly faster than those fed 
the low level. 
Forbes and Haines (1952), trying to estimate the ribo­
flavin requirement of the baby pig, concluded that between 
0.68 and 0.9 mg. of riboflavin were needed per pound of dry 
matter for normal growth. They started seven-day-old pigs on 
a synthetic milk diet supplemented with varying levels of 
riboflavin and fed then for eight weeks. Miller et al. (1954) 
depleted three-day-old pigs for four days and then ran a five 
week experiment to determine the riboflavin requirement. 
Riboflavin levels of 0, 0.45, 0.9, 1.35 and 1.8 mg. per pound 
of solids were fed to 19 pigs. The results were published 
as follows: 
Riboflavin, mg./pound 0 0.45 0.9 1.35 1.8 
Average daily gain 0.01 0.14 0.29 0.43 0.40 
Feed per pound gain 3.93 2.48 1.59 1.33 1.32 
Terrill et al. (1955), using purified diets, estimated 
the riboflavin requirement for a growing pig to be between 
0.4 and 0.65 mg. per pound of diet. Bell (1963) reported 
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that pigs fed 75 percent of the minimum riboflavin requirement 
did not show slowed growth or decreased feed utilization com­
pared to pigs fed the minimum requirement. 
The National Research Council (1959) has recommended that 
a 10-pound pig should receive 1.5 mg. of riboflavin for each 
pound of feed consumed and a 25 pound pig 1.4 mg. per pound. 
Patek <5t al_. (1941) described riboflavin deficiency in 
the pig as being characterized by retarded growth, changes in 
the skin, hair and hoofs and by a terminal collapse associated 
with hypoglycemia. 
Temperature 
With the widespread use of heatlamps and artificial heat, 
it is obvious that swine producers believe that weight gains 
in young pigs are affected by climatic factors. Mitchell and 
Kelly (1938), in an analytical study, explained that on a 
theoretical basis, low ambient temperatures should have a more 
marked effect on the growth of young pigs than on the growth 
of older animals. However, this may be minimized on a practical 
basis because of the huddling tendencies of pigs in low temper­
atures. This huddling behavior gives the pigs the advantage 
of varying their effective surface area according to the tem­
perature. Mount (1963) studied the responses of three-to-six-
day-old pigs to different environmental temperatures. As the 
temperature was decreased below 86° P. the grouped pigs huddled 
9 
together increasingly, accompanied by a smaller oxygen con­
sumption, 
Dunlop and West (1942) studying the performance of weaned 
pigs of 24 to 48 pounds live weight, found that pigs grew fast­
er in the spring than in the autumn. Heitman and Hughes 
(1949), using a limited number of pigs in a psychrometric 
room, estimated 80° P. as the temperature for optimal daily 
gains for growing pigs and 70° P. for the best feed efficiency. 
Feed consumption decreased as the temperature was increased in 
these studies. Bond et. Si* (1952), also using the psychro­
metric chamber, found that in high temperatures, feed required 
per pound of gain decreased after the temperature reached a 
certain point. They also noted that huddling was common with 
pigs at temperatures of 60° F. or less. 
Braude et. âi* (1954) analyzed the breeding records of a 
herd of pigs and reported that pigs reared during the summer 
were four pounds heavier at eight weeks of age than pigs 
raised in the winter. The significance of this type of study 
is questionable because of the factors other than temperature 
that may have been involved. 
Gill and Thomson (1956) divided six litters of pigs into 
two equal groups and subjected them to temperatures of 63° P. 
and 41° P. for eight weeks. The pigs raised at 41° P. ate more 
feed and weighed slightly less at eight weeks than pigs raised 
at 63° P. 
Cairnie and Pullar (1957) have estimated the critical 
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temperature of a 22-pound pig to be about 68° F. and of a 13 
pound pig to be above 86° F. Heitman ejb al. (1958) have re­
ported 74° F. as optimal for 100-pound pigs. However, Hazen 
and Mangold (I960) and Mangold et al. (I960) found no specific 
mean temperature between 45° F. and 90° P. as being optimum 
for young weaned pigs between 12 and 50 pounds in terms of 
either improved feed efficiency or daily gain. 
Seymour £t a_l. (1962) observed that pigs raised at 90° F. 
required less feed per pound of gain than pigs raised at 60° F. 
and pigs raised at 60° F. required less feed per pound of gain 
than pigs raised at 40° F. 
Muehling and Jensen (1961) have conducted a number of ex­
periments to determine the effect of environment on early 
weaned pigs. Eight experiments were conducted with two-week-
old pigs in a room where the temperature could be controlled. 
The temperature treatments consisted of pens with and without a 
number of sources of auxiliary heat. An average of all of the 
tests showed that none of the supplementary heat treatments 
significantly affected the growth rate of pigs confined in the 
room having temperatures as low as 38° F. They did note that 
pigs without supplementary heat required more feed per pound of 
gain than pigs with supplementary heat. Menzies-Kitchin (1937), 
after analyzing pig recording data from a large number of lit­
ters, found that although mortality was highest during the win­
ter and live weights of pigs at six weeks varied little between 




These experiments were conducted to determine if there 
are interactions between levels of B vitamins in the ration 
and environmental temperatures, using gain and feed required 
per pound of gain as criteria. 
General Experimental Methods 
The experiments which comprise this study are on file in 
the Swine Nutrition Section of the Animal Science Department, 
Iowa State University, Ames, Iowa. The eight experiments re­
ported herein are numbered as Swine Nutrition Experiments 1151, 
1162, 1178, 6315, 6329, 6336, 6339 and 6401. 
The following procedures and/or materials were similar 
for the eight experiments reported. All of the pigs were ob­
tained from the swine nutrition farm breeding herd and for the 
most part were of cross-bred breeding. Within 24 hours after 
birth each pig was weighed, ear notched and given an iron 
treatment for the prevention of anemia. All male pigs were 
castrated at approximately five days of age. Pigs were weaned 
at approximately two weeks of age. 
A split plot design was used in each experiment. Eight 
houses 16 x 20 feet in plan, provided eight experimental units 
for the temperature treatments (main-plot). Each of four pens 
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within each house made up an experimental unit for the ration 
treatments (sub-plot). Each building was insulated and window-
less. The floors of the buildings were uninsulated concrete 
slabs. The heating unit for each building was a gas-fired 
horizontal furnace with a rated output of 52,000 Btu per hour. 
The unit heaters were equipped with blowers that operated con­
tinuously and with a manually operated damper that controlled 
the proportion of inside and outside air circulated by the 
blower. Pour of the buildings were equipped with four-ton re­
mote type air-conditioning units. The blowers on the evapora­
tors delivered 2000 cubic feet per minute. To prevent high 
velocities of cool air in the pens, the diffuser blades on the 
front of the evaporators were adjusted to direct the cool air 
toward the door and upward where it was mixed with warm ventila­
tion air from the outside. 
The temperature levels in the summer experiments were held 
relatively constant with only minor changes due to extremes in 
outside temperatures. Both the warm and cold temperatures in 
the winter experiments were the averages of temperature pat­
terns that cycled with the naturally varying outside tempera­
ture . The difference between the cold temperature treatment 
and the outside temperature during the winter experiments av­
eraged about ten degrees during the daytime and 15 to 20 degrees 
during the night. The air conditioners and furnaces were con­
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trolled by thermostats. Thermographs were used to record the 
temperature within the houses. 
The pigs had free access to feed and automatic float con­
trolled water fountains provided water at about the same tem­
perature in all of the houses. Pigs in all of the experiments 
except for those in 1151 and 1162 were depleted of riboflavin 
for approximately two weeks before the start of the experiment. 
Semipurified rations were used in all of the experiments ex­
cept for 1151 and 1162. The compositions and calculated an­
alysis of the experimental rations are given in Tables 1, 2, 
3 and 4. 
The pens were considered the experimental units in all of 
the experiments. In experiment 1151 there were 6 pigs in each 
pen, in experiment 6315 there were 5 pigs per pen and in ex­
periments 1178 and 6329 there were 4 pigs per pen. There were 
3 pigs per pen in each of the other experiments. 
Animals that died during the experiments or were removed 
from the experiments because of illness were taken to the Iowa 
State University Veterinary Diagnostic Laboratory for examina­
tion. The gain for the remaining pigs in the pen was used in 
calculating average daily gain for that pen. The feed per 
pound of gain was adjusted by subtracting the calculated feed 
consumed from the total feed consumed to that date. In the ad­
justment the assumption was made that the feed efficiency for 
the pig removed was the same as for the other pigs in the pen. 
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Any reference to statistical significance pertains to the 
probability level of 5 percent or less unless stated otherwise. 
Experiment 1151 - Effect of environmental temperature and re­
duced levels of riboflavin, pantothenic acid and niacin on 
gain and feed required per pound of gain 
Objective The purpose of this experiment was to de­
termine if there is an interaction between the level of ribo­
flavin, niacin and pantothenic acid in the diet and the tem­
perature of the environment. 
Procedure Ninety-six pigs were used in this trial con­
ducted during April and May, 1962. There were two replications 
of two temperature treatments and two replications of two ra­
tion treatments within each main plot temperature treatment. 
The experimental diet was a 20 percent protein corn-soybean 
meal ration with or without supplemental riboflavin, panto­
thenic acid and niacin. The high temperature averaged about 
90° F. and the low temperature houses were maintained at 60° F. 
The pigs were placed on experiment at two weeks of age and re­
mained on experiment for six weeks. 
Results The summaries of average total gain and feed 
required per pound of gain are shown in Table 5 and Figure 1. 
The analysis of variance plan and observed mean squares are 
shown in Table 13. 
The pigs fed the ration with supplemental vitamins gained 
more than the pigs on the reduced levels of vitamins ? however, 
Figure 1. Experiment 1151 - Effect of vitamins and temperature on gain and feed 
required per pound of gain 
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there were essentially no differences in the average amount of 
feed required per pound of gain between the ration treatments. 
The difference in response between the high and low levels of 
the three vitamins was not significantly different at the high 
temperature compared to 60° F. 
Pigs raised at 90° F. gained slightly more than those in 
the 60° F. temperatures. Pigs at 90° P. were also more effi­
cient in converting feed to gain than those at 60° F. which is 
consistent with earlier work (Seymour ejt jal., 1962). 
Experiment 1162 - Effect of environmental temperature and re­
duced levels of riboflavin and pantothenic acid on gain and 
feed required per pound of gain 
Objective Following experiment 1151, it was felt that 
an experiment should be run that would utilize more than two 
replications of the temperature treatments. Niacin was not 
used as a variable in order that riboflavin and pantothenic 
acid could be used in a 2 x 2 factorial arrangement of ration 
treatments within each main-plot experimental unit. The pur­
pose of this experiment was to determine if there is an inter­
action between the level of riboflavin or pantothenic acid in 
the diet and the temperature of the environment. 
Procedure One hundred forty-four pigs were used in 
this experiment conducted from July to October, 1962. There 
were six replications of two temperature treatments and a 
2x2 factorial arrangement of ration treatments within each 
18 
temperature treatment. The ration treatments consisted of a 
20 percent protein corn-soybean meal ration with and without 
added riboflavin and pantothenic acid. The basal ration con­
tained 0.65 mg. of riboflavin and 3.0 mg. of pantothenic acid 
per pound of diet. Riboflavin was added at the rate of 4.8 mg. 
per pound and pantothenic acid at the rate of 9.6 mg. per pound. 
The components of the ration are listed in Table 2. The tem­
peratures were maintained at 90° F. for the high temperature 
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treatment and at 60 F. for the cool temperature for the first 
four replications. Since it was impossible to maintain a high 
temperature of 90° F. for the entire period for replications 
five and six, the experiment was analyzed without replications 
five and six to determine the temperature effect and possible 
temperature-vitamin interactions. Replications five and six 
were included in the analysis to determine the ration effect. 
The pigs were placed on experiment at two weeks of age and re­
mained on experiment for six weeks. 
Results The summaries of average total gain and feed 
required per pound of gain are shown in Table 6 and Figures 2 
and 3. The analysis of variance plan and observed mean squares 
are shown in Tables 14 and 15. 
There were no significant interactions between ration 
treatments and temperature on gain; however, there was a sig­
nificant three way interaction between riboflavin, pantothenic 
acid and temperature on feed required per pound of gain. 
Figure 2. Experiment 1162 - Effect of riboflavin, pantothenic acid, and tempera­
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Figure 3. Experiment 1162 - Effect of riboflavin, pantothenic acid, and tempera­
ture on gain and feed required per pound of gain 
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Pigs raised at 60° F. gained more than pigs at 90° F. but 
there were essentially no differences in feed efficiency be­
tween temperature treatments. 
Pigs on the high level of riboflavin gained significantly 
more than the pigs on the ration without the added riboflavin. 
There were no significant differences in feed efficiency be­
tween the ration treatments. 
Experiment 1178 - Effect of riboflavin and environmental temper­
ature on gain and feed required per pound of gain 
Objective Sixty-four pigs averaging 36 days of age 
and 13.7 pounds body weight were used in this experiment in 
January and February of 1963. There were two replications of 
two temperature treatments and four ration treatments within 
each main-plot temperature treatment. A semi-purified diet 
was used containing .5, 1.0, 2.0 or 4.0 mg. of riboflavin per 
pound. The composition of the basal ration is shown in Table 2. 
The temperature in the cold houses remained below freez­
ing for all but the first five days of the experimental period 
and averaged approximately 25° F. The average temperature in 
the heated houses was 45° F. The pigs remained on experiment 
for 31 days. 
Results The summaries of average total gain and feed 
required per pound of gain are shown in Table 7 and Figures 4 
and 5. The analysis of variance plan and observed mean squares 
are shown in Table 16. 
Figure 4. Experiment 1178 - Effect of riboflavin and temperature en gain and 








.5 1.0 2.0 4.0 












.5 1.0 2.0 4.0 
Mg. Riboflavin Per Pound 
Figure 5. Experiment 1178 - Effect of riboflavin and temperature on gain and 
feed required per pound of gain 
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There was a stepwise increase in gain from the low level 
of riboflavin to the high level for the pigs housed at 45° F? 
however, there were no additional increases in gains of pigs 
in the cold temperatures after a riboflavin level of 1 mg. per 
pound had been reached. This interaction between the linear 
effect of riboflavin and the temperature effect was signifi­
cant. There was a similar interaction on the amount of feed 
required per pound of gain. These interactions are not the 
same as those found by Mitchell e_t aul. (1950) where they ob­
served an increased requirement at the low temperature, although 
it should be noted at this point that their low temperature was 
in the same range as the high temperature in this experiment. 
Pigs on the lowest level of riboflavin gained significant­
ly less and ate significantly more feed per pound of gain than 
pigs receiving the higher three levels of riboflavin in their 
diet. 
The pigs in the warm environment gained, on the average, 
six more pounds during the 31-day experiment than the pigs in 
the cold. The pigs in the heated houses required0.6 pounds 
less feed per pound of gain than those in the cold houses. 
Experiment 6315 - Effect of riboflavin and environmental tem­
perature on gain and feed required per pound of gain 
Objective From the results of experiment 1178 it ap­
peared that possible interactions do exist between riboflavin 
and temperature, at least under the temperatures present in 
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that trial. The purpose of this experiment was to further in­
vestigate possible interactions at higher temperature levels. 
Procedure One hundred sixty pigs, averaging 32 days 
of age and 11.1 pounds body weight, were used in this experi­
ment during April and May of 1963. There were four replica­
tions of two temperature treatments and four ration treatments 
within each temperature treatment. The ration treatments were 
the same as those used in experiment 1178. The composition of 
the basal ration is shown in Table 2. The temperature was 
maintained at 60° F. in the cool houses and at 90° F. in the 
warm houses. The pigs remained on experiment for 35 days. 
Results The summaries of average total gain and feed 
required per pound of gain are presented in Table 8 and Fig­
ures 6 and 7. The analysis of variance plan and observed mean 
squares are shown in Table 17. 
Pigs on the lowest level of riboflavin in the 60° F. tem­
peratures required more feed per pound of gain than pigs re­
ceiving the other treatment combinations while those on the 
low level of riboflavin in the 90° F. temperatures required 
less feed per pound of gain than any of the other treatment 
combinations. This interaction between the linear effect of 
riboflavin and temperature on feed efficiency was significant. 
There were no interactions between riboflavin and temperature 
on gain. These results are not consistent with the findings 
Figure 6. Experiment 6315 - Effect of riboflavin and temperature on gain and 
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Figure 7. Experiment 6315 - Effect of riboflavin and temperature on gain and 
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of Mitchell et. âi* (1950) who estimated 0.55 mg. of riboflavin 
per pound to be adequate at 85° F. and 1.6 mg. per pound to be 
adequate at 42° F. for growing pigs. Nor are the results con­
sistent with the findings of the previous experiment where 
there was an interaction between temperature and riboflavin on 
pig gains. 
There were significant linear, quadratic and cubic re­
sponses to the riboflavin treatments on total gain but no sig­
nificant riboflavin effects on feed efficiency. Pigs receiv­
ing 0.5 mg. of riboflavin per pound of diet gained 10 pounds 
less than the pigs on the other three treatments during the ex­
periment; however, the differences in gains between pigs re-
c eiving 1.0, 2.0 or 4.0 mg. riboflavin per pound were small. 
Pigs raised at 90° F. gained significantly faster than 
those raised at 60° F. 
Experiment 6329 - Effect of riboflavin and environmental tem­
perature on gain and feed required per pound of gain 
Objective The purpose of this experiment was to in­
vestigate possible interactions between riboflavin and tempera­
ture over a narrower range of riboflavin levels than had been 
used in previous experiments. In experiment 6315 it appeared 
that the additional response to added riboflavin was small above 
a level of approximately 1 mg. per pound of diet. 
Procedure Sixty-four pigs averaging 31 days of age 
and 11.9 pounds body weight were used in this experiment dur-
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ing August and September, 1963. There were two replications 
of two temperature treatments and four ration treatments with­
in each main-plot temperature treatment. Riboflavin levels 
of 0l5,0.75, 1.0 and 1.25 mg. per pound were used as the four 
ration treatments. The composition of the basal ration is 
presented in Table 2. The temperature was maintained at 90° P. 
o in the warm houses and at 70 F. in the cool houses during 
this experiment. The pigs remained on experiment for 35 days. 
Results The summaries of average total gain and feed 
required per pound of gain are presented in Table 9 and Fig­
ures 8 and 9. The analysis of variance plan and observed mean 
squares are shown in Table 18. 
There were no significant interactions between tempera­
ture and riboflavin for either gain or feed required per pound 
of gain. There were significant linear, quadratic and cubic 
effects of riboflavin on gain and significant linear and cubic 
effects on feed required per pound of gain. The pigs fed the 
ration containing 0.5 mg. of riboflavin per pound gained con­
siderably less and ate more feed per pound of gain than the 
pigs receiving the higher levels of riboflavin. The differences 
in gain for pigs receiving the three high levels of riboflavin 
were not great although the average total gain for pigs re­
ceiving 1,25 mg. of riboflavin per pound was greater than for 
pigs receiving 1.00 mg. per pound and the average total gain 
Figure 8. Experiment 6329 - Effect of riboflavin and temperature on gain and 
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Figure 9. Experiment 6329 - Effect of riboflavin and temperature on gain and 

















for pigs receiving 1.00 mg. of riboflavin per pound was greater 
than for pigs receiving 0.75 mg. per pound. Pigs in the cool 
houses gained more than those in the warm houses and required 
less feed per pound of gain than those in the warm houses. 
The pigs in the 70° P. temperatures were consistently more ef­
ficient feed converters than the pigs in the 90° P. houses. 
This substantiates the results of Heitman and Hughes (1949) 
indicating 70° P. as being an optimal temperature for feed ef­
ficiency. These results do not, however, agree with results 
of experiments 1151, 1162 and 6315 where 60° F. was the low 
temperature treatment. 
Experiment 6336 - Effect of riboflavin and environmental tem­
perature on gain and feed required per pound of gain 
Objective The purpose of this experiment was to de­
termine if there are interactions between riboflavin and tem­
perature over a range of 0.6 to 3.0 mg. of riboflavin per pound. 
In the earlier experiments the lowest level of riboflavin used 
was 0.5 mg. of riboflavin per pound and the highest level was 
either 4.0 or 1.25 mg. per pound. It was felt that 0.5 mg. per 
pound retarded growth too much and that when 4.0 mg. per pound 
was used for the highest level this spread the levels out over 
too wide a range. At that time, it was also considered that 
when 1.25 mg. per pound was used as the highest riboflavin 
level this concentrated the levels over a range too narrow to 
be of sufficient value in investigating possible interactions. 
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Procedure Ninety-six pigs averaging 25 days of age 
and 11.0 pounds body weight were used in this experiment dur­
ing October and November» 1963. There were four replications 
of two temperature treatments and four ration treatments with­
in each main-plot experimental unit. To facilitate statistical 
analysis, riboflavin levels of .60, 1.02, 1.75 and 3.00 mg. per 
pound were used as the four ration treatments. These intervals 
are equal on a log dose basis and the analysis was run on the 
log of the riboflavin levels. The composition of the basal 
ration is presented in Table 2. The temperature in the warm 
buildings averaged 78° F. and in the cool houses averaged 52° F. 
The pigs remained on experiment for 35 days. 
Results The summaries of average total gain and feed 
required per pound of gain are presented in Table 10 and Fig­
ures 10 and 11. The analysis of variance plan and observed 
mean squares are shown in Tables 19 and 20. 
Two pens of pigs in warm temperatures and receiving 3 mg. 
of riboflavin per pound gained very slowly. The reason for 
this is not known although they consumed very little feed dur­
ing the first two weeks of the experiment. Because of the de­
creased growth rate of the pigs in these pens, the experiment 
was analyzed both with and without the response to the 3.0 
mg. per pound level of riboflavin. When all the treatments 
were included in the analysis, there was a significant inter-
Figure 10. Experiment 6336 - Effect of riboflavin and temperature on gain and 
feed required per pound of gain 
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action between riboflavin and temperature on gain. When the 
experiment was analyzed without the highest level of ribo­
flavin, there were no interactions between riboflavin and tem­
perature for either gain or feed required per pound of gain. 
Mitchell et. âi* (1950) estimated the riboflavin requirement of 
the growing pig to be .55 mg. per pound at 85° F. and 1.6 mg. 
per pound at 42° P. In this experiment there did not appear 
to be a difference in the response of pigs fed levels of .6, 
1.02 or 1.75 mg. per pound at 78° P. compared to pigs fed the 
same levels at 52° P. 
There was a significant linear response to the log dose 
of riboflavin on average total gain and a significant quad­
ratic response to the log dose of riboflavin on feed required 
per pound of gain. Pigs fed 1.02 or 1.75 mg. of riboflavin 
per pound gained more than pigs fed .6 mg. of riboflavin per 
pound of diet. Pigs receiving 1.75 mg. of riboflavin per 
pound of diet required less feed per pound of gain than pigs 
on the low riboflavin treatment but required more feed per 
pound of gain than pigs» fed 1.02 mg. of riboflavin per pound 
of diet. The pigs on the 52° p. temperature treatment required 
significantly more feed per pound of gain than those on the 78° P. 
treatment. This is consistent with most of the previous ex­
periments where an increase in temperature has resulted in a 
corresponding improvement or no difference in feed efficiency. 
There were essentially no differences in gain between pigs in 
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the warm houses and those in cool houses. 
Experiment 6339 - Effect of riboflavin and environmental tem­
perature on gain and feed required per pound of gain 
Objective The purpose of this experiment was to de­
termine if there are interactions between riboflavin and tem­
perature over the same range of riboflavin levels as in the 
previous experiment but at lower temperature levels. 
Procedure Seventy-two pigs averaging 25 days of age 
and 11.0 pounds body weight were used in this experiment dur­
ing November and December, 1963. There were three replications 
of two temperature treatments and four ration treatments with­
in each main-plot experimental unit. Riboflavin levels of .6, 
1.02, 1.75 and 3.00 mg. per pound were the same as in experi­
ment 6336 and were analyzed on a log dose basis. The composi­
tion of the basal ration is shown in Table 2. The temperature 
in the cold houses averaged 34 P. and in the warm houses av­
eraged 57° p. The pigs remained on experiment for 33 days. 
Results The summaries of average total gain and feed 
required per pound of gain are shown in Table 11 and Figures 12 
and 13. The analysis of variance plan and observed mean 
squares are presented in Table 21. 
There were no significant interactions between riboflavin 
and temperature for either gain or feed required per pound of 
gain, although pigs receiving 3.00 mg. of riboflavin per pound 
had decreased gains in the cold temperature. These results 
Figure 12. Experiment 6339 - Effect of riboflavin and temperature on gain and 
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Figure 13. Experiment 6339 - Effect of riboflavin and temperature on gain and 













are consistent with those of experiment 6336 where the same 
riboflavin levels were used at higher temperature levels but 
are not consistent with the results of experiment 1178 where 
riboflavin levels of 0.5, 1.0, 2.0 and 4.0 mg. per pound were 
used and the temperature levels were each about 10° F. lower. 
There were significant linear and quadratic gain respons­
es and a significant quadratic feed efficiency response to log 
dose riboflavin. Pigs receiving 0.6 mg. of riboflavin per 
pound of diet gained less and required more feed per pound of 
gain than pigs receiving the other three riboflavin treatments. 
Pigs receiving 1.75 mg. of riboflavin per pound gained more 
and required less feed per pound of gain than those receiving 
0.6, 1.02 or 3.00 mg. of riboflavin per pound. Pigs receiving 
3.00 mg. per pound did not have as high an overall gain as 
those on the 1.75 mg. level. This was due to the decreased 
gain at this level in the cool temperatures. Pigs raised at 
57° F. gained 2 pounds more per pig than pigs at 34° F. and 
also required 0.18 pound of feed less per pound of gain than 
pigs raised at 34° P. The difference in feed efficiency was 
significant at the 10 percent level. 
Experiment 6401 - Effect of riboflavin and environmental tem­
perature on gain and feed required per pound of gain 
Objective The purpose of this experiment was to con­
tinue to investigate possible interactions between riboflavin 
and temperature. 
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Procedure Ninety-six pigs averaging 28.8 days of age 
and 11.3 pounds body weight were used in this experiment dur­
ing January and February of 1964. There were four replications 
of two•temperature treatments and four ration treatments with­
in each main-plot experimental unit. The riboflavin levels 
used were the same as those used in experiments 6336 and 6339 
and the responses were analyzed on a log dose basis. The com­
position of the basal ration is shown in Table 2. The tempera­
ture in the cold houses averaged 42° F. and in the warm houses 
averaged 70° F. The pigs remained on experiment for 32 days. 
Results The summaries of average total gain and feed 
required per pound of gain are shown in Table 12 and Figures 
14 and 15. The analysis of variance plan and observed mean 
squares are shown in Table 22. 
The pigs receiving 1.02 mg. of riboflavin per pound had 
the slowest gain in the cold temperatures while those receiv­
ing CL60 mg. per pound had the slowest gain in the warm temper­
atures. Pigs on the 3.00 mg. per pound level gained the fast­
est in warm temperatures while those receiving 1.75 mg. per 
pound gained the fastest in the cold. This interaction of the 
temperature effect and the quadratic riboflavin effect on gain 
was significant. There were no significant interactions on 
feed required per pound of gain. 
The pigs receiving 1.75 mg. or 3.00 mg. of riboflavin per 
pound gained more and required less feed per pound of gain 
Figure 14. Experiment 6401 - Effect of riboflavin and temperature on gain and 
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than pigs on the other two levels. The pigs receiving0.6 mg. 
per pound gained less and required more feed per pound of gain 
than the pigs on the three higher riboflavin levels. 
Pigs in the warm houses gained more and ate significantly 
less feed per pound of gain than pigs in the cold houses. 
This is in agreement with the work of Heitman and Hughes (1949) 
who estimated the optimal temperature for feed efficiency to 




This series of experiments revealed no consistent interac­
tions of biological significance considering either gain or 
feed required per pound of gain. In the early phase of this 
study, the results of experiment 1178 showed interactions on 
both gain and feed required per pound of gain. Increasing the 
riboflavin level from 0.5 to 4.0 mg. per pound of ration at en­
vironmental temperatures of 45° F. resulted in a progressive 
increase in average gain and decrease in feed required per 
pound of gain. At 25° F. the average gain or feed efficiency 
was not improved beyond the level of 1.0 mg. of riboflavin per 
pound of ration. This difference in response at the two tem­
perature levels resulted in significant riboflavin-temperature 
interactions. An attempt to repeat this experiment the follow­
ing winter was not successful because the cold temperatures 
experienced in the winter of 1962-63 did not occur during the 
winter of 1963-64. Temperature levels of 34° F. and 57° F. in 
experiment 6339 approached those of experiment 1178, but no sig­
nificant interactions occurred in gain or feed conversion. 
Heitman and Hughes (1949) have estimated the optimal en­
vironmental temperature for the young pig to be in the range 
from 70° F. to 80° F. and Mangold et al. (I960) found that pigs 
did well in mean temperatures from 4 5° F. to 90° F. From these 
reports it would appear that there is very little stress on the 
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pig over a temperature range from 45° P. to 90° P. If the ribo­
flavin needs of the young pig, when expressed as a requirement 
per unit of feed consumed, are not altered unless the pig is 
under stress conditions a temperature level either above or 
below this range of 45° F. to 90° P. would have to be used to 
find interactions. In the case of low temperatures it would 
be necessary to lower the temperature somewhat below 45° F. 
In experiment 6339, where average temperature levels of 34° F. 
and 57° F. occurred, no difference in riboflavin requirement 
was noted between the two temperatures when gain in weight and 
feed requirement were used as the response criteria. 
An interaction between temperature and riboflavin on gain 
occurred in the last experiment where pigs receiving 1.02 mg. 
of riboflavin per pound of ration and raised in 34° p. tempera­
tures gained less, on the average, than pigs receiving 0.6, 
1.75 or 3.00 mg. of riboflavin per pound of ration. However, 
in the 57° F. temperatures the pigs receiving 0.6 mg. of ribo­
flavin per pound gained less than the other three riboflavin 
treatments. There is no logical nutritional reason for this 
type of response and its occurrence would have to be attributed 
to chance. There was also an interaction between riboflavin 
and temperature in experiment 6315 on the amount of feed re­
quired per pound of gain. In this experiment pigs raised at 
90° F. and fed the low level of riboflavin required less feed 
per pound of gain than pigs on any of the other treatments 
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while pigs raised at 60° F. required more feed per pound of 
gain than pigs on any of the other treatments. This type of 
interaction did not occur in any of the other seven experiments. 
No consistent interactions were noted in experiments where 
the cold temperatures ranged from 34° F. to 60° F. and where 
the warm temperatures ranged from 57° F. to 90° F. These re­
sults are not in agreement with the findings of Mitchell e_t 
al. (1950) who estimated the riboflavin requirement of the 
growing pig to be 0.55 mg. per pound of feed at 85° P. and 1.6 
mg. per pound of feed at 42° p. These conclusions were based 
on the responses of 16 pigs fed in a temperature controlled 
chamber. One trial was run at 85° P. and one trial at 42° F. 
Since the temperature levels were imposed at different times, 
there certainly could have been factors other than temperature 
confounded with time. However, support for the higher than 
normal riboflavin requirement for the young pig housed in an 
environmental temperature of approximately 40-45° P. was ob­
served in experiment 1178. A significant gain and feed require­
ment interaction occurred between riboflavin and temperature 
due to the apparent higher riboflavin requirement at 45° F. as 
compared to 25° P. 
The results of the experiments comprising this study are 
in general agreement with the results of rat experiments re­
ported by Mills (1943a) and Vaughan and Vaughan (1959) where 
the riboflavin requirement did not appear to be a direct func­
tion of environmental temperature. 
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There were large differences in response between replica­
tions in some of the experiments. The statistical analysis of 
these experiments revealed very large mean square values for 
replications compared to the other mean squares in the analysis 
of variance. The high starch diet used in these experiments 
was unpalatable and this may have been part of the reason for 
the unexpected slow gains of certain pens of pigs. It was 
felt that the semipurified diet was necessary to investigate 
a wide range of riboflavin levels; however, a corn-soybean meal 
ration could probably be effectively employed in further in­
vestigations. 
Riboflavin 
Since a growth response to 4.0 mg. of riboflavin per pound 
of ration occurred in experiment 1178, subsequent experiments 
also included rather high levels of riboflavin. There were no 
interactions of biological significance in these subsequent 
experiments; therefore, it was possible to study the main ef­
fects of riboflavin. It would, admittedly, have been desirable 
to have included more intermediate levels of riboflavin in a 
study to determine the riboflavin requirement. 
Forbes and Haines (1952) estimated the riboflavin require­
ment of the baby pig to be between 0.68 and 0.9 mg. per pound 
of dry matter. A basal ration containing 0.65 mg. of riboflavin 
per pound was fed in experiment 1162 and compared to the basal 
ration with 4.8 mg. of supplemental riboflavin per pound. The 
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pigs receiving the supplemental riboflavin gained more than 
those receiving just the basal ration. 
Four levels of riboflavin were fed in each of the last 
six experiments. Levels of 0.5, 1.0, 2.0 and 4.0 mg. per pound 
were fed in experiments 1178 and 6315. In each of these ex­
periments, pigs fed 0.5 mg. per pound gained less and required 
more feed per pound of gain than pigs receiving the three 
higher levels of riboflavin. There was a significant interac­
tion in experiment 1178 but in experiment 6315 the pigs re­
ceiving 2.0 and 4.0 mg. per pound gained slightly more than 
pigs receiving 1.0 mg. per pound. 
Riboflavin levels of 0.5, 0.75, 1.0 and 1.25 mg. per pound 
were used in experiment 6329. In this experiment there was a 
linear increase in gain from the low level to the high level 
of riboflavin and pigs receiving 0.5 mg. of riboflavin per pound 
required the most feed per pound of gain while those receiving 
1.25 mg. per pound required the least amount of feed per pound 
of gain. Miller et_ al. (1954) found that baby pigs fed 1.35 
or 1.8 mg. of riboflavin per pound gained more and required 
le ss feed per pound of gain than pigs receiving 0, 0.45, or 
0.9 mg. per pound. 
Riboflavin levels of 0.60, 1.02, 1.75 and 3.00 mg. per 
pound were fed in the last three experiments. The pigs in 
these experiments receiving 0.60 mg. of riboflavin per pound 
of ration gained less and required more feed per pound of gain, 
as expected, when compared to pigs receiving the other three 
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levels of riboflavin. Pigs receiving 1.75 mg. per pound gained 
more than pigs receiving 1.02 mg. per pound but those receiv­
ing 3.00 mg. per pound did not gain more than those receiving 
1.75 mg. per pound. In fact pigs receiving the rations con­
taining 3.00 mg. of riboflavin per pound did not gain as much 
as those fed 1.75 mg. per pound, although these differences 
were small and were due to the response of one or two replica­
tions in two of the experiments. 
In the final analysis of all the experiments, a consider­
able difference in gain and feed efficiency was observed be­
tween the lowest level and the other levels of riboflavin. A 
continued improvement in gain was noted to the next level 
above 1.0 mg. per pound; depending on the experiment, this was 
either 1.25, 1.75 or 2.0 mg. per pound. No intermediate levels 
were run between 1.25 and 1.75 mg. per pound; therefore, from 
the results of these experiments it would appear that the re­
quirement of the young pig for riboflavin is in the range be­
tween 1.0 and 2.0 mg. per pound of ration. This is not in com­
plete agreement with the work of Forbes and Haines (1952) who 
have estimated the requirement as being between0.68 and 0.9 per 
pound. This does, however, generally agree with the estimates 
of 1.4 mg. per pound by Krider et ad. (1949) and between 1.1 
and 1.9 mg. per pound by Briggs and Beeson (1951). The National 
Research Council (1959) has recommended that a 25-pound pig 
should receive 1.4 mg. of riboflavin per pound of feed and a 
10-pound pig 1.5 mg. per pound. 
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Temperature 
Two temperature levels made up the main-plot treatments 
of the eight experiments reported. It was necessary to sacri­
fice precision in the measurement of the temperature responses 
because the individual house was the smallest unit to which a 
temperature treatment could be applied. As it turned out, how­
ever, the error mean squares for the main-plot were smaller 
than the sub-plot error mean squares in six of the eight ex­
periments for the gain analysis. The reason for this interes­
ting statistical problem was not solved during the course of 
the study. The main-plot error mean squares in the feed ef­
ficiency analysis were about equal to or larger than the sub­
plot mean squares as would be expected in a split plot design. 
The physical facilities available allowed a maximum of four 
replications of two temperature treatments at any one time and 
at times the availability of pigs limited the replications to 
less than four. Because of this, some of the differences in 
response between temperatures, although medium in magnitude, 
were not statistically significant. 
Temperature levels of 60° F. and 90° F. were used in ex­
periments 1151, 1162 and 6315. Pigs raised at 90° F. gained 
the fastest in experiments 1151 and 6315 while pigs raised at 
60° F. gained slightly faster in experiment 1162. Hazen and 
Mangold (1960) found no optimum temperature between 45° F. and 
90° F. for young pigs. The pigs raised at 90° F. in experiment 
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1151 required less feed per pound of gain than those raised at 
60° F. but there were no real differences in feed efficiency 
between pigs at the two temperatures in the other two experi­
ments. In earlier work with pigs from weaning to market weight, 
(Seymour ejt aJL., 1962) it was found that pigs raised at 90° F. 
tended to require less feed per pound of gain than pigs raised 
at 60° F. 
Temperature levels of 70° F. and 90° F. were run in ex­
periment 6329. Heitman and Hughes (1949) estimated 80° p. as 
the temperature for optimal gains and 70° p. for optimal feed 
efficiency for growing pigs. The results of experiment 6329 
did not contradict this as pigs on the 70° p. treatment gained 
more and required less feed per pound of gain than pigs sub­
jected to the 90° P. temperatures. 
Temperature levels of 78° P. and 52° p. were run in exper-
iment 6336. Pigs raised at 52° P. gained more but also re­
quired significantly more feed per pound of gain than pigs 
housed at 78° P. Pigs at 42° P. in experiment 6401 required 
significantly more feed per pound of gain than pigs raised at 
70° F. This increase in feed requirement as the environmental 
temperature is lowered agrees with earlier work with pigs 
grown from weaning to market (Seymour et al., 1962). Better 
feed efficiency was also noted at 57° p. compared to 34° p. in 
experiment 6339. There were no differences in the average 
gain of pigs at 42° p. compared to those at 70° p. in experi-
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ment 6401; however, pigs housed at 57° F. gained slightly more 
than those at 34° p. in experiment 6339. 
Pigs in the cold 25° F. temperatures of experiment 1178 
gained less and required more feed per pound of gain than pigs 
raised at 45° F. but part of these differences may have been 
due to the riboflavin-temperature interactions. 
Considering the eight experiments as a whole, it appears 
that temperature has its biggest effect on the amount of feed 
required per pound of gain and this occurs mostly at tempera­
tures below 70° F. As the temperature decreased below 70° F. 
there was a corresponding increase in the amount of feed re­
quired per pound of gain. Heitman and Hughes (1949) have es­
timated that 70° F. is the optimal temperature for feed effi­
ciency for growing pigs and the results of these experiments 
tend to substantiate that estimate, although there were no 
real indications that temperatures of 90° F. had a detrimental 
effect on either gain or feed required per pound of gain. 
There was some decrease in gain at temperatures below 50° F. 
This is in agreement with Hazen and Mangold (I960) who found 
the range between 45° and 90° P. to be adequate for growth, 
but 50° p. is considerably lower than the 80° P. level re­
ported as optimum by Heitman and Hughes (1949). 
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SUMMARY 
Eight experiments involving 792 pigs were run over a peri­
od of two years to investigate interactions between riboflavin 
and environmental temperature. Two temperature treatments 
were used in each experiment and four ration treatments were 
used in each experiment except the first in which only two 
ration treatments were utilized. Average temperature levels 
ranged from 25° P. to 90° P. 
There was no consistent evidence of riboflavin-temperature 
interactions on gain or feed required per pound of gain at 
temperature levels above 34° f. There were interactions be­
tween riboflavin and environmental temperature in the one ex­
periment where the average temperature in the cold houses av­
eraged 25° P. The pigs raised in the cold houses in this ex­
periment did not show additional response to riboflavin levels 
above 1.0 mg. per pound while pigs in houses heated to 45° P. 
and provided with 4.0 mg. of riboflavin per pound of ration 
gained more and required less feed per pound of gain than those 
receiving 2.0 mg. per pound. Pigs receiving 2.0 mg. per pound 
at 45° P. gained faster and more efficiently than pigs receiv­
ing 1.0 mg. per pound. 
In an examination of the main effects of riboflavin, pigs 
receiving 0.5 or 0.6 mg. of riboflavin per pound of diet gained 
considerably less and required more feed per pound of gain than 
pigs receiving levels ranging from 0.75 to 4.0 mg. per pound. 
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Pigs receiving riboflavin levels above 1.0 mg. per pound of 
ration gained more than those fed 1.0 mg. or less per pound. 
No levels were run between 1.25 and 1.75 mg. per pound, but 
there was no additional response to riboflavin levels above 
1.75 mg. per pound. 
There was very little difference in the feed efficiency of 
pigs raised at 60° p. compared to those housed at 90° P. It 
did appear; however, that the feed requirement per pound of 
gain increased as the environmental temperature decreased be­
low 60°p. Gain did not appear to be significantly affected by 
temperature levels between 50° and 90° F. There was a tendency 
for pigs to have decreased gains as the temperature level was 
lowered below 50° p. 
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APPENDIX 
Table 1. Calculated analysis of basal rations 
Item Experiment 
1151 1162 1178, 6315 6339 
6329, 6336 6401 
20.00 20.00 18.00 18.00 
.71 .71 .70 .70 
.55 .55 .56 .56 
3,000 3,000 3,000 3,000 
500 500 500 500 
.65 .65 .5 .6 
3.00 3.00 10 10 
8.75 30.30 30 30 
503 500 468 468 
20 20 20 20 




Vitamin A, I.U./lb. 
Vitamin D2, I.U./lb. 
Riboflavin, mg./lb. 
Pantothenic acid, mg./lb. 
Niacin, mg./lb. 
Choline, mg./lb. 
Vitamin B12» meg./lb. 
Chlortetracycline, mg./lb. 
Table 2. Composition of basal rations, percent 
Experiment 




Ground yellow corn 50 
Solvent soybean oil meal 31 36 
(50% protein) 
Starch 6.7 44 
Sucrose 7.5 15 
Iodized salt .5 .5 
Calcium carbonate (38% Ca) .8 .4 
Dicalcium phosphate 1.3 1.9 
(26% Ca, 18% P) 
Trace mineral premix .2 .2. 




Table 3. Composition of trace mineral mix 
Table 4. Amounts of vitamins added per pound of basal rations 
Item Experiment 
1151 1162 1178, 6315 6339 
6329, 6336 6401 
Vitamin A, I.U. 2,500 2,400 3,000 3,000 
Vitamin D2, I.U. 500 500 500 500 
Riboflavin, mg. -- -- — .1 
Pantothenic acid, mg. -- -- 7.8 7.8 
Niacin, mg. — 21.6 25.7 25.7 
Pyridoxine, mg. -- -- 2.0 2.0 
Folic acid, mg. -- — .5 .5 
Vitamin Bj.meg. 20.0 20.0 20.0 20.0 
Vitamin E, mg. -- -- 10.0 10.0 
Vitamin K, mg. -- — .5 .5 
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Table 5. Experiment 1151 - Summary of average total gain 
and feed per pound of gain 














Average total gain 
27.22 32.18 30.95 
27.20 30.73 27.02 
19.72 28.60 21.48 
15.69 16.47 18.45 











Feed per pound of gain 
2.04 1.79 1.84 
2.13 1.84 1.98 
2.03 1.94 1.89 
2.12 1.97 2.06 
Average 2 .10  2.08  1 . 8 8  1.94 
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Table 6. Experiment 1162 - Summary of average total gain 
and feed per pound of gain 
Low Low 
Basal pant, acid ribo. 
Low ribo. 
Low pant, acid 
































Average 33, .97 34. 10 27, .99 30, .62 
Warm houses (90° F.) 
Rep. 1 20. 35 21. 50 29. 10 20. 75 
2 28. 77 30. 43 24. 77 26. 07 
3 32. 55 21. 63 29. 60 23. 07 
4 22. 90 23. 33 18. 97 22. 73 
5 39. 77 38. 50 • 27. 43 38. 97 
6 37. ,80 38. ,13 35. 17 38. 67 
Average 30. 36 28. ,92 27. ,51 28. 
CO ro 
Feed per pound of gain 
Cool houses (60° F.) 
Rep. 1 1.92 1.93 1.98 1.67 
2 2.01 1.96 2.20 2.11 
3 1.85 1.80 2.07 1.85 
4 1.80 1.95 1.83 1.76 
5 1.88 1.79 1.98 1.77 
6 1.94 1.94 1.86 2.09 
Average 1.90 1.90 1.99 1.88 
Warm houses (90° F.) 
Rep. 1 2.17 2.02 1.89 2.17 
2 1.84 1.78 1.98 1.91 
3 1.80 1.93 1.99 2.04 
4 1.91 1.79 1.87 1.94 
5 1.84 1.98 2.01 1.84 
6 1.73 1.88 1.37 1.91 
Average 1.88 1.90 1.85 1.97 
80 
Table 7. Experiment 1178 - Summary of average total gain and 
feed per. pound of gain 
Total riboflavin, mg./lb. 
0.5 1 .0  2 . 0  4.0 
Cold houses (25 F.) 





26 .62  
20.38 
26.12 
20 .88  
22.62 
21.25 
Average 17.88 23.50 23.50 21.94 
Heated houses (45° F.) 
Rep. 1 22.00 30.12 30.62 36.38 
2 20.12 25.00 28.00 29.50 
Average 21.06 27.56 29.31 32.94 
Cold houses (25 F.) 











Average 3.88 2.52 2.52 2.52 











Average 2.58 2 .20  1.93 2.05 
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Table 8. Experiment 6315 - Summary of 
feed per pound of gain 
average total gain and 
Total riboflavin, mg ./lb. 
.5 1.0 2.0 4.0 
Average total gain (lb. ) 





















Average 19.87 30.75 32.28 30.50 





















Average 22.68 31.47 
Feed per 
31.23 
pound of Rain 
33.65 





















Average 2.06 1.89 1.95 1.88 
o 





















Average 1.79 1.91 1.94 1.94 
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Table 9, Experiment 6329 - Summary of average total gain and 
feed per pound of gain 
Total riboflavin, mg./lb. 
50 .75 1.00 1.25 
Cool houses (70° F.) 











Average 27.40 35.97 38.18 39.91 











Average 23.22 35.13 34.15 36.06 
Cool houses (70 p.) 











Average 2 .20  2.10  2 .22  2.02 











Average 2.46 2.23 2 .28  2.16 
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Table 10. Experiment 6336 - Summary of average total gain and 
feed per pound of gain 
Total riboflavin, mg./lb. 
.6 1.02 1.75 3.00 
Average total gain (lb.) 





















Average 20.42 27.66 27.56 28.08 





















Average 21.04 24.71 26.88 20.46 
Feed pe r pound of gain 





















Average 2.44 2.26 2.31 2.30 





















Average 2.36 2.02 2.14 2.39 
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Table 11. Experiment 6339 - Summary of average total gain and 
feed per pound of gain 
Total riboflavin, mg./lb. 
. 6  1.02 1.75 3.00 
Average total gain (lb.) 





Heated houses (57° F.) 









































Heated houses (57° F. ) 































Average 2 .26  2.13 2.07 2.16 
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Table 12. Experiment 6401 - Summary of average total 
and feed per pound of gain 
gain 
Total riboflavin, mg./lb. 
1.02 1.75 3.00 
Cold houses (42 F.) 






















Heated houses (70° F.) 





















Average 24.08 29.58 32.00 29.84 
Cold houses (42 F.) 
Feed per pound of gain 
Rep. 1 2.28 2.36 2.38 2.35 
2 2.33 2.55 2.33 2.23 
3 2.34 2.38 2.16 2.33 
4 1.98 2.55 2.23 2.30 
Average 2.23 2.46 2.28 2.30 
Heated houses (70° F. ) 
Rep. 1 2.23 2.19 2.03 2.04 
2 2.45 2.22 2.03 2.04 
3 1.98 2.13 1.87 2.06 
4 2.18 2.12 2.05 2.14 
Average 2.21 2.16 2.00 2.07 
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Table 13. Experiment 1151 - Analysis of variance plan and 
observed mean squares for feed required per pound 
of gain and average total gain 
Source of 































^^Statistically significant at P = .10 or less» here and 
throughout the thesis 
Table 14. Experiment 1162 - (replications 1, 2, 3 and 4 only) 
Analysis of variance plan and observed mean squares 
for feed required per pound of gain and average 
total gain 
Source of 
F/G varia tion d • f. Gain 
Main-plot 7 -
Replication 3 71.7126 .0236 
Temperature 1 55.3352 .0032 
Error (A) 3 72.6371 .0486 
Sub-plot 24 
59.6232** Riboflavin 1 .0190 
Pantothenic acid 1 .2080 .0072 
Riboflavin x pant.acid 1 2.4307 .0013 
Riboflavin x temp. 1 29.7992 .0025 
Pant.acid x temp. 1 32.8455 .0190 
Riboflavin x pant.acid 
.0527** x temp. 1 5.3629 
Error (B) 18 10.8783 .0102 
Total 31 26.2730 .0163 
^^Statistically significant at P = .05 or less, here and 
throughout the thesis 
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Table 15. Experiment 1162 - Analysis of variance plan and ob­
served mean squares for feed required per pound of 
gain and average total gain 
Source of 
variation d.f. Gain F/G 
Main plot 11 
Replication ... 5 373.4042 .0249 
Temperature 1 99.6769 .0028 
Error (A) 5 44.0343 .0529 
Sub-plot 36 
Riboflavin 1 124.0668* .0083 
Pantothenic acid 1 3.5916 .0002 
Riboflavin x pant.acid 1 17.2681 .0000 
Riboflavin x temp. 1 27.6793 .0006 
Pant.acid x temp. 1 8.2751 .0476 
Ribo.x pant.acid x temp. 1 .1922 .0336 
Error (B) 30 10.8250 .0153 
Total 47 
^Statistically significant at P = .01 or less, here and 
throughout the thesis 
Table 16. Experiment 1178 - Analysis of variance plan and 
observed mean squares for feed required per pound 
of gain and average total gain 
Source of 
variation d. f. Gain F/G 
Main plot 3 
Replication 1 52.9256 .2162 
Temperature 1 144.7209***1.7689 
Error (A) 1 .9507 .1981 
Sub-plot 12 
Riboflavin 3 51.2913* .9089* 
Linear 1 104.5094* 1.3840* 
Quadratic 1 41.3509** 1.2143* 
" Cubic 1 8.0136 .1282 
Riboflavin x temp. 3 12.2568 .1919** 
Linear x temp. 1 35.3811** .1977** 
Quadratic x temp. 
Cubic x temp. 
1 1.3842 • .1967 
1 .0079 .1812 
Error (B) 6 3.7108 .0329 
Rep. x riboflavin 3 4.1538 
Rep. x riboflavin x temp. 3 3.26 78 
Total 15 
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Table 17. Experiment 6315 - Analysis of variance plan and ob­
served mean squares for feed required per pound of 
gain and average total gain 
Source of 
variation d.f Ga in F/G 
Main plot 7 
Replication 3 117.2902 .612" 
Temperature 1 15.7221** .0221 
Error (A) 3 1.0981 .0459 
Sub-plot 24 
Riboflavin 3 216.3861* .0024 
Linear 1 349.2747* -
Quadratic 1 248.4730* .0009 
Cubic 1 51.4106* .0064 
Riboflavin x temp. 3 7.6873 .0427 
Linear x temp. 1 .4397 .0756** 
Quadratic x temp. 1 21.7780 .0311 
Cubic x temp. 1 .8440 .0215 
Error (B) 18 5.9450 .0122 
Rep. x riboflavin 9 8.2280 .0183 
Rep. x riboflavin x temp. 9 3.6620 .0061 
Total 31 
Table 18. Experiment 6329 - Analysis of variance plan and ob­
served mean squares for feed required per pound of 
gain and average total gain 
Source of 
variation d .f Gain F/G 
Main plot 3 
Replication 1 34.3396 .0812 
Temperature 1 41.6670 .0900 
Error (A) 1 1.1026 .0020 
Sub-plot 12 
Riboflavin 3 131.0323* .0422 
Linear 1 298.7645* .0794* 
Quadratic 1 70.8964* .0002 
Cubic 1 23.4361** .0470* 
Riboflavin x temp. 3 2.5533 .0070 
Linear x temp. 1 .2333 .0097 
Quadratic x temp. 1 2.4964 .0110 
Cubic x temp. 1 4.9303 .0003 
Error (B) 6 2.5702 .0027 
Rep. x riboflavin 3 1.3205 .0031 
Rep. x riboflavin x temp. 3 3.8199 .0022 
Total 15 
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Table 19. Experiment 6336 - Analysis of variance plan and ob­
served mean squares for feed required per pound of 
gain and average total gain omitting the highest 
level of riboflavin 
Source of 
variation d.f. Gain P/G 
Main plot 7 
Replication 3 141.7964 .0096 
Temperature 1 6.0904 .1617** 
Error (A) 3 52.5556 .0048 
Sub-plot 16 
Riboflavin 2 97.3589* .1448 
Linear 1 168.6102* .1332 
Quadratic 1 26.1075 .1564** 
Riboflavin x temp. 2 6.5683 .0138 
Linear x temp. 1 1.7292 .0090 
Quadratic x temp. 1 11.4075 .0184 
Error (B) 12 7.7080 .0287 
Rep. x riboflavin 6 9.5645 .0264 
Rep. x riboflavin x temp. 6 ,5.8849 .0310 
Total 23 34.1037 .0377 
Table 20. Experiment 6336 - Analysis of variance plan and ob 
served mean squares for feed required per pound of 
gain and average total gain 
Source of 
variation d.f. Gain F/G 
Main plot 7 
Replication 3 208.7093. .0322 
Temperature 1 56.7113 .0820 
Error (A) 3 22.6746 .0294 
Sub-plot 24 
Riboflavin 3 65.2931* 1130** 
Linear 1 54.4289** .0034 
Quadratic 1 141.3721* .3003* 
Cubic 1 .0783 .0354 
Riboflavin x temp. 3 26.2911** .0408 
Linear x temp. 1 50.5800** .0319 
Quadratic x temp. 1 5.6280 .0903 
Cubic x temp. 1 22.6653 .0002 
Error (B) 18 8.1960 .0334 
Rep. x riboflavin 9 9.1254 .0239 
Rep. x riboflavin x temp. 9 7.2665 .0429 
Total 31 
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Table 21. Experiment 6339 - Analysis of variance plan and ob­
served mean squares for feed required per pound of 
gain and average total gain 
Source of 
variation d. f Ga in F/G 
Main plot 5 
Replication 2 103.1146 .1004 
Temperature 1 24.2205*** .2091*** 
Error (A) 2 1.3820 .0188 
Sub-plot 18 
Riboflavin 3 37.9498** .0645 
Linear 1 55.8278** .0208 
Quadratic 1 59.3776** .1667** 
Cubic 1 .6439 .0059 
Riboflavin x temp. 3 13.5979 .0079 
Linear x temp. 1 .0371 .0022 
Quadratic x temp. 1 40.6380 .0204 
Cubic x temp. 1 .1184 .0009 
Error (B) 12 8.7480 .0237 
Rep. x riboflavin 6 10.8470 .0208 
Rep. x riboflavin x temp. 6 6.6491 .0266 
Total 23 
Table 22. Experiment 6401 - Analysis of variance plan and ob 
served mean squares for feed required per pound of 
gain and average total gain 
Source of 
variation d.f Gain F/G 
Main plot 7 
Replication 3 69.8347 .0200 
Temperature 1 11.1628 . .3445* 
Error (A) 3 4.9635 .0084 
Sub-plot 24 
Riboflavin 3 41.9502* .0447** 
Linear 1 107.4856* .0319 
Quadratic 1 8.4050 .0032 
Cubic 1 9.9600 .0990** 
Riboflavin x temp. 3 24.0795** .0318 
Linear x temp. 1 4.3099 .0378 
Quadratic x temp. 1 63.0564* .0512 
Cubic x temp. 1 4.8721 .006 5 
Error (B) 18 7.1215 .0121 
Rep. x riboflavin 9 8.8615 .0131 
Rep. x riboflavin x temp. 9 5.3815 .0112 
Total 31 
